Background: Celecoxib and low-dose aspirin might decrease risk of breast cancer recurrence. Methods: In the Canadian Cancer Trials Group MA.27, postmenopausal hormone receptor-positive breast cancer patients were randomly assigned (2 Â 2) to adjuvant exemestane or anastrozole, and celecoxib or placebo. Low-dose aspirin of 81 mg or less was a stratification factor. Due to concerns about cardiac toxicity, celecoxib use was stopped in December 2004, while stratification by aspirin use was removed through protocol amendment. We examined the effects of celecoxib and low-dose aspirin on event-free survival (EFS), defined as time from random assignment to time of locoregional or distant disease recurrence, new primary breast cancer, or death from any cause; distant disease-free survival (DDFS); and overall survival (OS). All statistical tests were two-sided. Results: Random assignment to celecoxib (n ¼ 811, 50.0%) or placebo (n ¼ 811, 50.0%) was discontinued after 18 months (n ¼ 1622). At a median of 4.1 years' follow-up, among 1622 patients, 186 (11.5%) patients had an EFS event: 80 (4.9%) had distant relapse, and 125 (7.7%) died from any cause. Celecoxib did not statistically significantly impact EFS, DDFS, or OS in univariate analysis (respectively, P ¼ .92, P ¼ .55, and P ¼ .56) or multivariable analysis (respectively, P ¼ .74, P ¼ .60, and P ¼ .76). Low-dose aspirin use (aspirin users n ¼ 476, 21.5%; non-aspirin users n ¼ 1733, 78.5%) was associated in univariate analyses with worse EFS (hazard ratio [HR] ¼ 1.48, 95% confidence interval [CI] ¼ 1.12 to 1.96, P ¼ 0.006) and worse OS (HR ¼ 1.87, 95% CI ¼ 1.35 to 2.61, P < .001). After adjusting for baseline characteristics and treatment arm, aspirin use showed no statistical association with EFS (P ¼ .08) and DDFS (P ¼ .82), but was associated with statistically worse OS (HR ¼ 1.67, 95% CI ¼ 1.13 to 2.49, P ¼ .01). Conclusion: Random assignment to short-term ( 18 months) celecoxib as well as use of low-dose aspirin showed no effect on DDFS and EFS in multivariable analysis. Low-dose aspirin increased "all-cause" mortality, presumably because of higher preexisting cardiovascular risks.
in a preclinical animal model to be synergistic (19) , while clinical trial data in patients with metastatic breast cancer suggested that the combination of celecoxib (400 mg b.i.d.) and exemestane resulted in a trend to longer duration of clinical benefit in the celecoxib arm (20) . The antitumorigenic mechanism of the selective COX-2 inhibitor celecoxib is unclear and likely extends beyond its role in the formation of prostaglandins (21) (22) (23) (24) (25) .
Taken together, these data provided a strong rationale for evaluating the effects of celecoxib in combination with aromatase inhibitors in the adjuvant setting of ER-positive breast cancer. The Canadian Cancer Trials Group (CCTG) MA.27 trial was a phase III trial with a 2Â2 factorial design, comparing exemestane with anastrozole with or without celecoxib in postmenopausal women with hormone receptor-positive early breast cancer. In addition, in view of some data supporting the possible benefit of low-dose aspirin in cancer survival (26, 27) , we examined the effects of the use of low-dose aspirin, which was a stratification factor in MA.27 during celecoxib random assignment. Here we examine the effects of celecoxib and aspirin on outcomes.
Methods

Study Design
CCTG MA.27 (ClinicalTrials.gov identifier: NCT00066573) was an open-label, randomly assigned phase III multinational trial approved by health regulatory authorities and the institutional review boards of participating centers; patients provided informed consent. Beginning in June 2003, MA.27 postmenopausal hormone receptor-positive breast cancer patients were randomly assigned in a 2Â2 factorial design to standard-dose adjuvant exemestane or anastrozole, and to 400 mg of celecoxib or placebo. Baseline concomitant prophylactic low-dose aspirin use ( 81 mg/d) was a stratification factor during celecoxib random assignment (Figure 1 , CONSORT Diagram). Patients taking more than 81 mg of aspirin daily at baseline were ineligible for random assignment, and use of more than 81 mg of aspirin daily was not allowed during the study.
Random assignment to celecoxib was discontinued on December 17, 2004, based on a joint decision by the Data and Safety Monitoring Committee (DSMC) trials and principal investigators, as well as the Cancer Treatment Evaluation Program (CTEP) following a National Cancer Institute alert on an increase in cardiovascular events on COX-2 inhibitors in the Adenoma Prevention with Celecoxib trial. The corresponding data were published in full soon after (28, 29) . Allocation to celecoxib was stopped in MA.27 after random assignment of 811 patients to celecoxib, of which 76 patients had not yet received celecoxib, and 735 patients had received celecoxib for a median of 4.6 months (range ¼ 0.03-17.5 months). All patients remained in the study and were followed according to study protocol with inclusion in the comparison of anastrozole vs exemestane. Stratification by aspirin use was removed later through protocol amendment after accrual of 2209 patients.
Trial stratification factors during celecoxib random assignment were use of aspirin (yes, no), lymph node status (negative, positive, or unknown), and prior adjuvant chemotherapy (yes, no). Analyses reported here used the final analysis data, with a median of 4.1 years of follow-up.
Study Population
Briefly, women were recruited to MA.27 with locally excised, hormone receptor-positive primary breast cancer (30) . Patients had to have been postmenopausal, defined as older than age 55 years and no menses for 12 or more months; age 55 years or younger and no menses within 12 months and postmenopausal follicle-stimulating hormone; or bilateral oophorectomy. Eligibility criteria also included Eastern Cooperative Oncology Group performance status 0-2, no local or metastatic breast cancer, and no prior aromatase inhibitor or concurrent hormone therapies. Raloxifene was allowed if it had been discontinued three or more weeks before random assignment.
Primary End Point
The primary end point for MA.27 and this investigation was event-free survival (EFS), defined as time from random assignment to loco-regional or distant disease recurrence, new primary breast cancer, or death from any cause. Secondary end points included distant disease-free survival (DDFS), defined as time to distant recurrence, censored at non-breast cancer death, but including time to breast cancer death if no prior recurrence had been recorded, and overall survival (OS). Patients were censored at death or longest follow-up.
Statistical Analyses
The univariate and multivariable effects of celecoxib and lowdose aspirin use on EFS, DDFS, and OS were assessed. Stratification factors utilized for these investigations were lymph node status and receipt of adjuvant chemotherapy, with values at random assignment to trial therapy applied by intent to treat. Univariate and multivariable hazard ratios (HRs) and associated 95% confidence intervals (CIs) are reported. Each statistical test was two-sided and considered statistically significant with an unadjusted P value of .05 or less. Univariate assessments with stratified log-rank tests utilized the maximum available evidence for celecoxib use (n ¼ 1622) and for aspirin use (n ¼ 2209). Graphical depiction was with Kaplan-Meier plots. Exploratory multivariable assessments were with stratified Cox regression restricted to the patients for whom both celecoxib and aspirin use was known: patients accrued during celecoxib random assignment (n ¼ 1622). Stepwise forward selection was used to adjust the observed treatment effect for the influence of potential baseline prognostic factors and identify factors associated with survival outcomes. Baseline factors examined were age (<60, 60-69, !70 years), race (white, black/ Hawaiian/Asian, American Indian/unknown), estrogen and progesterone receptor (ER/PR) status (ERþ/PRþ, other), T stage (T1, T2, T3/T4/Tx/missing), N stage (negative, positive, unknown), prior adjuvant chemotherapy (yes, no), adjuvant radiotherapy (yes, no/unknown). The predictive effects of celecoxib and aspirin use were tested with inclusion of interaction terms with exemestane and anastrozole.
Results
The baseline characteristics of the patients included in this investigation are presented in Table 1 . The numbers of patients were well balanced between those assigned exemestane (n ¼ 811, 50.0%) and anastrozole (n ¼ 811, 50.0%) and with respect to age, race, performance status, and breast cancer stage. As lowdose aspirin use was a stratification factor until the protocol was amended following cessation of celecoxib, the use of lowdose aspirin (n ¼ 2209) was also well-balanced between patients randomly assigned to exemestane (n ¼ 238, 21.5%, of 1105 patients) and anastrozole (n ¼238, 21.6%, of 1104), for total aspirin users (n ¼ 476, 21.5%) and nonaspirin users (n ¼ 1733, 78.5%).
At a median follow-up of 4.1 years, 186/1622 (11.5%) patients ( Figure 2A ) had an EFS event during celecoxib allocation, 93 (11.5%) of 811 patients accrued to each of celecoxib and placebo, and 125 (7.7%) died from any cause. Of patients taking low-dose aspirin, 72 (15.1%) of 476 had an EFS event ( Figure 3A) . A DDFS event was experienced by 80 (4.9%) of patients: 38 (4.7%) on celecoxib ( Figure 2B ) and 21 (4.4%) using aspirin ( Figure 3B ). Meanwhile, there were 125 (7.7%) deaths from any cause: 60 (7.4%) among celecoxib patients ( Figure 2C ) and 56 (11.8%) among aspirin users ( Figure 3C ).
Celecoxib did not have a univariate prognostic impact on EFS (P ¼ .92) (Figure 2A ), DDFS (P ¼ .55) (Figure 2B ), or OS (P ¼ .56) ( Figure 2C ). Use of low-dose aspirin was associated with worse EFS (hazard ratio [HR] ¼ 1.48, 95% confidence interval [CI] ¼ 1.12 to 1.96, P ¼ .006) ( Figure 3A ) and worse OS (HR ¼ 1.87, 95% CI ¼ 1.35 to 2.61, P < .001) ( Figure 3C ) in univariate analysis. Aspirin use was not statistically significantly associated with DDFS (HR ¼ 1.09, 95% CI ¼ 0.67 to 1.78, P ¼ .72) ( Figure 3B) .
In multivariable analyses, treatment with celecoxib did not impact EFS (P ¼ .74), DDFS (P ¼ .60), or OS (P ¼ .76). Low-dose aspirin use had no statistically significant association with EFS (P ¼ .08) and DDFS (P ¼ .82), although users of low-dose aspirin had worse OS than nonusers (HR ¼ 1.67, 95% CI ¼ 1.13 to 2.49, P ¼ .01). Worse EFS and worse OS were experienced by those age 70 years or older (P ¼ .01); those with bilateral oophorectomy or who were postmenopausal for less than 12 months at age 45 to 59 years (P ¼ .002 and P ¼ .01, respectively); and who were not fully active by Eastern Cooperative Oncology Group performance status (PS > 0, P ¼ .002 and P < .001, respectively). Greater than T1 tumor was associated with worse EFS (P ¼ .01), DDFS (P ¼ .01), and OS (P < .001). Neither treatment with celecoxib nor use of aspirin had statistically significant interactions with trial treatment for EFS (respectively, P ¼ .79, P ¼ .78), DDFS (respectively, P ¼ .72, P ¼ .26), and OS (respectively, P ¼ .75, P ¼ .44).
Discussion
Adding the COX-2 inhibitor celecoxib to standard aromatase inhibitor therapy in the adjuvant treatment of early breast cancer did not have any effect on EFS, DFS, or OS. The fact that users of low-dose aspirin had higher all-cause mortality but no increased risk regarding breast cancer-associated end points (EFS, DDFS) in multivariable analyses means that these patients had a higher risk for non-breast cancer-associated-presumably cardiovascular-mortality (31) . In this context, it seems important to point out that not "use of low-dose aspirin" (indicating a causative role) was associated with increased mortality, but that "users of low-dose aspirin" (where aspirin is a likely surrogate marker for higher cardiovascular risk) were at a higher risk of all-cause mortality. This differentiation seems important as previous observational studies have discussed an association of aspirin with improved survival in breast (32) or colorectal (33) cancer patients "after, but not before cancer diagnosis," neglecting the fact that the reasons for aspirin use before (cardiovascular risk) and after (including an expectation of a cancer protective effect) diagnosis might differ. Our study is therefore in line with a meta-analysis on observational studies including more than 700 000 patients that found that aspirin use is likely to have no effect on breast cancer outcomes (34) . However, it somewhat contradicts several epidemiological studies indicating the potential of aspirin to prevent recurrence and death among breast cancer survivors (35) (36) (37) . In most of these studies, the detailed dose and duration of aspirin use were not available, which might explain the differing results. It is possible that higher doses of aspirin than those allowed in MA.27 (>81 mg per day) are required to see cancer preventive effects. The contradictory nature of our findings in comparison with previous data therefore underlines the importance of two large, ongoing trials (38,39) that will likely be able to definitively clarify whether higher doses of aspirin have a positive effect on outcome in early breast cancer. In the UK Add Aspirin Trial, 3100 women are being randomly assigned to 100 or 300 mg of aspirin or placebo for five years. Likewise, in the US Aspirin for Breast Cancer (ABC) study, starting in December of 2016, 3000 women with node-positive human epidermal growth factor receptor 2-negative early breast cancer are being randomly assigned to 300 mg of aspirin or placebo for five years. who used low-dose aspirin and 1733 women who did not. At a median follow-up of 4.1 years, the 476 aspirin users had 72 (15.1%) event-free survival events, while the nonusers had 177 (10.2%) events (stratified log-rank P ¼ .006); those who used aspirin experienced 21 (4.4%) distant disease-free survival events, while those who did not had 87 (5.0%) events (P ¼ .72), and those who used or did not use aspirin had, respectively, 56 (11.8%) and 110 (6.4%) deaths from any cause (P < .001).
In our group of patients with a median age of 64 years, 21.5% used low-dose aspirin at study entry, and these patients had a 67.3% increased risk of death compared with women not using low-dose aspirin. This large effect was seen although by not allowing the use of higher doses of aspirin in MA.27, we likely excluded patients with more serious cardiovascular conditions. Our data therefore emphasize the importance of considering competing causes of mortality in early breast cancer study cohorts (31) , even if serious competing morbidities have been ruled out. In particular, when the hazard of event-free survival (or recurrence-free survival, both including death from any cause as an event) is described over long periods of time, non-breast cancer-associated mortality becomes a considerable factor. For the MA.27 cohort, we have indeed previously shown that 56.7% of all deaths were non-breast cancer related, and 15.3% were attributed to cardiovascular disease (a detailed breakdown indicated only seven cardiovascular deaths among both celecoxib and aspirin users, which is too few to pursue further here) (31), As pointed out, it might therefore be more accurate to exclude non-breast cancer-associated mortality when describing the long-term risk of recurrence of early breast cancer (ie, censoring patients at non-breast cancer-associated deaths).
A limitation of this study is its lower-than-planned power in terms of numbers of patients and length of exposure. Therefore, we cannot rule out that an effect of celecoxib on prognosis would have been seen if more patients had been followed for a longer period of time. The equally negative effect on DDFS (which was censored at non-breast cancer deaths) and overall survival also excludes the possibility that 400 mg of celecoxib had a positive effect on breast cancer recurrence that was reversed by a cardiovascular negative effect on all-cause mortality. The UK REACT trial, randomly assigning early breast cancer patients to celecoxib vs placebo for two years, will shortly provide more evidence about celecoxib (40) . However, for aspirin, we cannot exclude the possibility that more than 81 mg per day has an effect on breast cancer-specific outcomes, because our study excluded such patients. Multivariable analyses indicating associations of factors such as age or postmenopausal status with EFS and OS need to be interpreted with caution due to the low number of patients involved.
Overall, our study does not support a role for COX2 inhibitors in the treatment of early HRþ breast cancer. Furthermore, our data suggest that the use of low-dose aspirin does not have an effect on breast cancer recurrence. The results of ongoing trials (38, 39) clarifying the role of higher doses of aspirin and of celecoxib (40) in preventing breast cancer recurrence are awaited with interest.
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